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PREFACE 
Weather and its interactions with technology have important 
impacts on the economy of farms, households, and entire societies. 
These relationships were emphasized in the last three years 
when crop shortfalls in Russia were translated into mammoth 
export demands for U.S. grain. Similarly, poor weather and short 
commodity supplies further extended the grain demand for major 
exporting countries such as the United States. Great fluctua-
tions in prices occurred, bringing large gains to some farmers 
and traders and large losses and costs to other farmers and 
consumers. Affected dramatically were areas in Asia and Africa 
where crop shortfalls resulted in starvation and death for 
thousands of people. 
Much more needs to be done on the interrelationships among 
the many variables characterizing weather, the many variables 
expressing alternative technologies, grain reserves or buffer 
stocks, and international trade. From the variables and 
activities, programs and systems need to be developed which can 
stabilize year-to-year and intercountry grain flows. At the 
same time, the vast fluctuations in commodity prices which bring 
economic suffering or sheer death to individuals need to be 
eliminated. 
This study is aimed in this general direction. It is, 
however, modest in the scope of the problem and geographic 
area tackled. It relates only to prediction of grain yields 
under interaction of technology and its inputs and the parallel 
indices of weather during a 40-year period in the Midwest. It 
employs a model where the yield of each cash crop is regressed 
on a vector of Palmer moisture indexes, a vector of technological 
variables such as fertilizer and hybrid corn, time, and random 
components. Estimates were made for corn in Illinois and Iowa, 
grain sorghum in Kansas and Nebraska, and wheat in Kansas, 
Nebraska, and North Dakota. Estimates are made for both fallow 
and non-fallow wheat. The results show the contribution of 
technology to yield increases for the period 1931-1971. These 
factors, isolated from the weather index, increased wheat yields 
by about 14 bushels, corn by about 16 bushels and grain sorghum 
by about 38 bushels per acre. But moisture stress was indicated 
to have reduced yields in specific years and to have augmented 
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yields over other extended periods. The evidence indicates 
that wheat yields, under present technologies, are becoming 
more sensitive to moisture conditions. 
We believe these results and those forthcoming from 
other studies can help stabilize world food supplies and prices, 
as well as producer and consumer welfare. 
The Authors 
I. 
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I. INTRODUCTION 
In 1972, world grain production dropped considerably from 
the record levels of 1971, setting off a chain of events pro-
foundly affecting both grain producers and the general public 
in this country. The resulting heavy export demand drove up 
grain prices in late 1972 and early 1973 and helped to draw 
grain stocks down to their lowest levels in 20 years by the 
summer of 1973. Despite increases in production both at home 
and abroad in the 1973 crop year, prices remained high and 
stocks were not replenished. In early 1974 it appeared that 
increases in grain acreage in the United States and elsewhere 
would result in grain harvests sufficient to rebuild world 
stocks to more nearly normal levels. However, by the summer 
of 1974 these expectations were dashed because of poor weather 
at planting time and during the summer in this country, causing 
the period of low grain stocks to continue into 1975. 
The low grain stocks and concomitant high prices of the 
1972-74 period have led to some concern that world grain pro-
duction capacity is less adequate than had been believed. This 
concern was exacerbated by a growing belief among some mete-
orologists that world and u.s. weather conditions could be 
expected to be less favorable for crop production in the decade 
ahead compared to the 1950s and 1960s. Because of these con-
cerns, the question of the relative contributions of weather 
and technology to aggregate grain yields has again become an 
important issue. 
The purpose of this study was to estimate the long-run 
effects of technology on wheat, grain sorghum, and corn yields 
in selected states in the United States, utilizing a previously 
unavailable moisture stress index to partially account for 
weather effects. The study is an extension of an earlier one 
[24] financed by the United States Department of Agriculture 
and conducted jointly by personnel of the Economic Research 
Service and Iowa State University. 
II. PREVIOUS RESEARCH ON FACTORS AFFECTING 
AGGREGATE GRAIN YIELDS 
Studies of the factors affecting aggregate crop yields 
have been underway for a long time. According to Sanderson's 
exhaustive review [25], the first such studies began in the 
1870s. Early students of the problem include such well-known 
names as Henry Moore [20], Henry Wallace C38], and R.A. Fisher 
(9 ]. Sanderson's study provides a thorough review of these 
efforts up through World War II. These studies were primarily 
efforts to determine the effect of weather on grain yields, as 
was indeed appropriate, for technological innovations surely 
had little impact on u.s. grain yields in the century prior to 
1940. While the bulk of these studies was concerned with with- · 
in-year weather effects, a few considered the effects of 
weather cycles and trends on crop yields. After reviewing 
these studies, Sanderson believed that the evidence for cyclic 
or trend affects of weather was veryweak. By the time of 
Sanderson's study, however, technological innovation was begin-
ning to have dramatic affects on yields, raising further 
questions which have not yet been resolved. One question re-
lates to the contribution of weather, if any, to the remarkable 
yield increases of recent decades. Another question is whether 
improved technology has ameliorated or exacerbated the effects 
of poor weather on crop yields. And, finally, there is the 
question of the relative contributions of various technological 
innovations to yield increases. Here we will consider the 
latter question first. 
Technological Factors 
Two rather extreme points of view have been taken with 
respect to measuring the affects of technology on crop yields. 
The first, espoused by Shaw C27,28], is that technology is 
adopted in spurts, causing yields to increase in a stepwise 
manner through time. In order to perceive this affect, says 
Shaw, one must first extract from a yield series the effects 
of weather and then identify the relevant technological variables 
for use in a regression analysis. A very different point of 
view is expressed by Schmitz and Watts [26], who point out that 
various controlled factors of production (technology) are 
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highly intercorrelated through time, and any attempts to sort 
out their effects through regression analysis will be doomed 
to failure. Therefore, they conclude that models employing 
moving yield averages or exponential smoothing of time trends 
will be as useful as any in capturing the effects of technology. 
Most recent studies of aggregate yields have adopted a 
point of view similar to that of Schmitz and Watts. These in-
clude those of Thompson [35], Oury [21], Doll L8] and Buller and 
Lin [sJ, all of which used some type of time variable or moving 
averages to capture the effects of technology in a regression 
analysis. Since most yield series show remarkable increases 
through time, these trend variables in all cases explain a 
significant proportion of yield variability through time. 
A number of other authors have attempted to estimate the 
relative contributions of various technological factors, with 
mixed success. · Shaw and Durost [29, p. 18-19] in a regression 
of 1929-1962 corn yields in the cornbelt, concluded that 10 
bushels of the yield increase was because of fertilizer, while 
16 bushels was because of the adoption of hybrid corn. They 
attributed about 3 bushels of the yield to weather, with the 
remaining portion of the 40-bushel increase apparently unex-
plained. Guise [12], in his study of New Zealand wheat yields, 
used basically the same approach to measurement as did Shaw and 
Durost. Guise employed dummy variables to represent such 
technological variables as a shift in land use which occurred 
in 1948, and heavy virus infestations in 6 of 50 years. He 
also used variables to represent the percent of acreage planted 
to two new varieties and the price ratio of fertilizer to wheat. 
In contrast to the Shaw-Durost study, Guise was able to explain 
nearly all of the historical yield change. Since a time trend 
variable failed to explain additional yield variation, Guise 
assumed he had adequately accounted for technological inputs. 
Quite a different approach to the estimation problem was 
employed by Auer and Heady [2]. They utilized experimental 
data to estimate the effects of genetic improvement and fertil-
izer application on yields for a number of crops. Then, using 
information on levels of fertilizer use and variety adoption, 
they deflated state yield series to adjust for the effects of 
these two factors. The adjusted yield series were then re-
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gressed on a weather index, acreage planted, and time. The 
regressions for 1939-1961 cornbelt corn yields implied an in-
crease of 8 bushels due to fertilizer, 9 bushels due to hybrid 
improvement and adoption, 5 bushels due to changes in the lo-
cation of production, with an additional increase of about 4 
bushels unexplained. These results are generally consistent 
with those of Shaw and Durost, suggesting that independent es-
timation of fertilizer effects and variety effects may be a 
satisfactory procedure. 
Johnson and Gustafson [15] and Johnson [17], in their 
studies of wheat and corn yields, used cross-sectional data to 
avoid the problem of highly correlated technological variables 
inherent in time series data. They calculated yield increases 
by states as the difference between average yields in two 
different decades, 1945-54 and an earlier period centering on 
1925 (corn) and 1934 (wheat). These state yield increases were 
then regressed on variables representing genetic improvement, 
fertilizer use, machinery and labor input, fallowing practices, 
and precipitation. The results of these regressions will be 
discussed in some detail subsequently, although the results for 
wheat were not very satisfactory statistically. The lack of 
significance is perhaps not surprising in that all states were 
assumed to be on the same yield response function, whereas it 
is most likely that this is far from the case. The 10-bushel 
corn yield increase was attributed to equal contributions of 
hybrid adoption, fertilizer use, and mechanization. These 
figures cannot be directly compared with the other studies 
because of the difference in time periods. 
Weather Factors 
In recent studies of the effects of technology and weather 
on crop yields, two distinct approaches have been used to es-
timate the effects of weather. One approach is to construct 
yield-weather indexes, either as explicit estimates of weather 
effects or for use in regression analysis. The other approach 
is to employ meteorological variables directly in a regression 
context. The earliest of the weather index studies was that 
of Glenn Johnson (16] in a study of tobacco supply, and it 
established the pattern followed by many others. The weather 
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index is derived by obtaining a time series of yields from 
each of a number of experimental plots for which year-to-year 
treatments were similar. Each yield series is regressed on 
time, and for any given year the ratio of trend yield to ob-
served yield is taken as the index of weather effects at that 
site. To obtain an index of weather impact for an area, several 
experimental series in the area are analyzed, and the indexes 
are then averaged. Conceptually, then, such an index is an 
estimate of the extent to which yields departed from normal as 
a result of weather. 
Weather indexes for various crops and areas have also been 
constructed by Hathaway [13], Auer and Heady C2], Shaw and 
Durost L29], Stallings [30], and Kost [18]. These indexes have 
been used by others as well, including Griliches [10], Cromarty 
[7] and Johnson and Gustafson Cl5]. Most of these studies have 
utilized the index as a regression variable. When used as a 
regression variable in a log-linear function, the coefficient 
of the variable should be very near unity, since by definition 
of the variable, a one percent change in the variable reflects 
a one percent change in output due to weather. Auer and Heady 
report coefficients of 0.3 to 1.2 for corn weather indexes in 
various states, with most coefficients less than unity. 
Griliches reported a coefficient of 0.4 in his analysis of 
cornbelt corn yields. Johnson and Gustafson compared the use 
of Stallings' indexes versus a rainfall variable in analyzing 
wheat yields, and concluded that rainfall was just as satis-
factory Cl5, p. 36]. Thus, even though the index has been 
generally found significant in regression analyses, these re-
sults suggest that the indexes do not measure weather impacts 
very precisely, perhaps no better than a simple rainfall vari-
able. 
Further evidence of measurement problems in the estimation 
of weather indexes is revealed by a comparison of the indexes 
derived by Stallings and Kost. Stallings calculated and pub-
lished indexes for several crops in the United States from 
1900 to 1957. To extend these indexes to 1963, Kost obtained 
experimental yield series from 1950 to 1963, so as to have an 
eight-year overlap with Stallings' series. For the most part, 
Kost was able to use the same locations as did Stallings. After 
the new indexes were calculated, Kost adjusted them so that the 
-------------------------~ 
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1950-57 average was equal to the average of the corresponding 
Stallings series. Despite this care to insure a comparable 
set of indexes, the descrepancy between the Stallings series 
and the adjusted Kost series for the eight years is remarkable. 
For corn, for instance, the two indexes have a correlation of 
only .33, and the average absolute difference between then is 
.12. The two wh~at indexes compare even more unfavorably. Their 
correlation coefficient is -.01, with an average absolute 
difference of .24. Bear in mind that Kost's series were con-
structed insofar as possible to correspond to those of Stallings' 
using data from many of the same experimental sites. Yet 
there was very little correlation in the corn weather indexes 
and none at all in the wheat indexes. As estimates of the 
yield deviation from normal, the average discrepancy between 
the two was twelve percent for corn and 24 percent for wheat, 
with discrepancies for individual years ranging up to 50 percent. 
Given these measurement errors, it seems clear that one should 
use great caution in accepting these indexes as estimates of 
the impact of weather. 
The second general approach to determining the affect of 
weather on crop yields has been to include meteorological 
variables in regression equations. Unfortunately, weather mani-
fests itself in many ways throughout the season, offering 
essentially an endless list of time-dated variables such as 
rainfall, temperature, humidity, etc., as candidates for regres-
sion variables. The earliest such studies, those of Wallace [38] 
and Hodges (14], estimated area corn yields as functions of rain-
fall and temperature for each of the months of the growing 
season. Such an approach was used by a number of researchers, 
culminating in the studies by Thompson [35] in which corn, soy-
bean, and sorghum yields for various states were regressed in 
quadratic equations with up to 14 precipitation and temperature 
variables for the season. Since Thompson does not report t-tests 
for the coefficients of these variables, it is difficult to 
assess the precision with which they are measured. He does, 
however, report an R2 of .94 for the 35 years of data in four 
states, indicating that the combination of these variables (plus 
a time trend and two "technology" variables whose values were 
determined by observation of the yield data) explained much of 
the past variability in yields. 
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Other researchers, disenchanted with the possibility of 
increasing the number and kind of meteorological variables 
to be considered, have sought out what we might call meteoro-
logical indexes, numbers derived from direct meteorological 
observations which mi~ht reflect their collective impact on 
crop yields. Doll CaJ was primarily concerned with estimating 
the changing impact of rainfall as the growing season pro-
gressed. He employed a technique reminiscent of Fisher's 
"regression integral" approach [9]. He calculated a weighted 
average weekly rainfall with weights for each week estimating 
the relative contribution to final yields. The resulting aver-
age and its square were then included in a regression analysis 
along with time trends. When the method was applied to 
Missouri corn yields, Doll estimated that 1955-63 yields aver-
aged 21 percent above normal because of abnormal weather. This 
estimate is considerably higher than that of Thompson, whose 
comparable estimates appear to be more like 10 percent. 
In a well-known study of u.s. corn yields, Oury [21] com-
pared the use of two different aridity indexes (both based on 
temperature and precipitation) with the alternative of using 
simply temperature and precipitation. These alternative vari-
ables were included in yield regression equations. He con-
cluded that the aridity indexes were more desirable because of 
an improvement in the F-test. However, adjusted R2 was nearly 
identical for the three models, as was the estimate of time 
trend, suggesting that the one-variable aridity indexes were 
measuring about the same thing as the temperature and precipi-
tation variables together. In any case, Oury felt that the 
aridity indexes would be useful only until more refined indexes 
such as Thornthwaite's C36] became operational. Since such an 
index is now operation, and will be utilized in this study, we 
will now consider the Thornthwaite approach in some detail. 
The Moisture Stress Concept 
Thornthwaite (36] recognized that the effects of both 
rainfall and temperature on plant growth must depend upon the 
amount of moisture available in the soil. He reasoned that a 
useful index of plant moisture stress might be the difference 
between potential evapotranspiration, the sum of plant trans-
piration and surface evaporation which would occur with soils 
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fully saturated, and actual evapotranspiration. Actual evapo-
transpiration (ET) could be assumed to fall below potential 
evapotranspiration (PET) whenever soils were less than fully 
saturated. The greater the discrepancy between ET and PET, the 
greater would be the moisture stress on plants. Thornthwaite 
envisioned that if a method could be devised to estimate PET, 
then perhaps a water balance accounting system could be estab-
lished, with stored soil moisture and rainfall as inflow and 
ET as outflow for a given period. Moisture stress could then 
be estimated from period to periodo 
Palmer [23] has made the Thornthwaite concept operational 
by estimating monthly ET and PET for most of the weather re-
porting districts in the United States for months as far back 
as 1900. Considerations involved in the estimation of these 
quantities are too complicated to be discussed here, but in-
clude such problems as estimation of soil moisture capacity, 
estimation of runoff, estimation of potential evapotranspiration 
itself, and specification of the relationship between evapo-
transpiration and the degree of soil saturation. Palmer calcu-
lated, in addition to ET and PET, long-term averages of the 
ratio of ET and PET for each district, thereby establishing an 
average moisture index for each month for each district. 
The absolute level of moisture deficiency, PET-ET, could 
be used as a variable to represent weather, as could stored 
soil moisture which Palmer also estimated. However, Palmer 
suggestedl that a third index might be used, namely the differ-
ence between actual evapotranspiration for a given month and 
the "climatically appropriate for existing conditions" (CAFEC) 
evapotranspiration. CAFEC evapotranspiration is essentially 
the amount of water which would have to be evaporated and trans-
pired in order to provide the average ratio of ET to PET, or 
the average index of moisture stress. Thus, this third index 
provides an index of departure from normal moisture stress, 
measured in inches of water. The moisture index, which we 
denote as M, is defined as 
M = ET - ( ave ET J PET. 
ave PET 
1 Personal Communication 
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Since this concept of moisture stress includes demands placed 
on the plant because of high temperatures (high PET) as well as 
estimated moisture availability, it should reflect the effect 
of both rainfall and temperature, at least insofar as temperature 
affects the plant by changing its water requirements. In pre-
liminary analyses the index M was included in regression equations 
for some state yield series and it was found to explain more 
yield variation than either the absolute level of moisture defi-
ciency (ET-PET) or estimated soil moisture. 
Some form of the Palmer index was used in a study of north-
west Kansas wheat and sorghum yields conducted by Buller and 
Lin C5]. Although it is not clear from their report just which 
index they used, they found significant relationships between 
sorghum yields and the indexes, but the relationships between 
wheat yields and the indexes appeared to be insignificant. 
Trends and Cycles in Weather 
Our review of literature relating to the effect of weather 
on crop yields led us to a great number of references related 
to the study of periodicities in climate. Moore C20] presented 
one such study early in this century which purported to show 
that the sunspot cycle induced a crop production cycle which in 
turn induced economic cycles. In a 1954 book on crop forecasting, 
Sanderson [25] mentioned a number of other studies which had 
been conducted prior to 1950, but he concluded that the evidence 
was not very persuasive for the existence of persistent cycles 
of any kind. 
Palmer, however, suggests the possibility of a 20-year 
drought cycle in the Great Plains area [22]. He cites weather 
data from western Kansas supporting the theory of a 20-year 
pattern. This data shows the occurence of drought in this area 
in the years 1894, 1913, 1934, and 1954 and, based on this pattern, 
Palmer suggested that a severe drought was likely in this area 
in the mid-1970's. The existence of the 20-year drought cycle 
in the Great Plains is also supported by Thompson's work in the 
latter part of the 1960s [32, 33, 34] and by a 1973 report to 
the administrator of the National Oceanic and Atmospheric Admin-
istration [6]. Statistical validation of this theory is, of 
course, very difficult because 20 years are needed before one 
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observation of the cycle is completed. Further, as Palmer 
notes, knowledge of the basic phenomena that would cause this 
cyclical pattern has not been developedo 
In addition to the 20-year cycle, the possibility also 
exists that climate varies over longer time periods. Mitchell 
suggests tl9, p. 225] " ••. the possibility that climate varies 
rather appreciably over periods of 80 to 90 years, and perhaps 
over longer periods as well, corresponding to similar periods 
of variation in solar activity. This, however, is so long a 
cycle that ordinary meteorological data will have to be supple-
mented by other historical climatic indicators to demonstrate 
its reality." It is just such long-period cycles that are the 
concern of Willett [39] and more recently of Bryson [4] and 
others. Bryson offers some evidence that in the past half 
century some parts of the world have experienced unusually 
benign climates (high temperatures and rainfall) relative to 
previous periods, and that there are signs of a return to those 
previous levels. It is beyond the scope of this paper to 
evaluate or even to review these contentions, but if they are 
true, then changes in climate will indeed have implications for 
long-run food production prospects. One of the objectives of 
this study is to estimate the effect of changes in temperature-
moisture conditions on average crop yields, so that the impact 
of these possible climatic changes can be assessed. 
III. THE STATISTICAL MODEL 
The objective of this study is to determine the effects 
of certain climatic and technological factors on aggregate crop 
yields. One of the problems encountered by previous such 
studies is the high correlation between technological factors 
through time, making it difficult to estimate their separate 
affects through time. Since technological variables may be 
less correlated across space than through time, cross-sectional 
and time data are combined in this study in the following general 
regression model: 
where: Y. t =crop yield in crop reporting district i, year t 
1, 
= a vector of dummy variables, all with value 
zero except for the dummy variable for district 
i, which has a value 1 
= a vector of relevant monthly Palmer moisture 
indexes for district i, year t 
= a vector of technological variables, such as 
fertilizer application, hybrid adoption, etc., 
for district i in year t 
t = year, with 1930 = 0, 1931 = 1, etc. 
e. t =a random component for district i, year t 
I., 
d,m,x,b = vectors of coefficients to be estimated 
If the random terms e. t are distributed normally and indepen-
dently, and if the va~iables are measured without error, the 
ordinary least squares estimators of the above regression model 
will be the minimum-variance unbiased estimators. In the pre-
sent application, however, there is reason to suspect a priori 
that the error terms may be contemporaneously correlated. That 
is, if any factor not represented in the equation (such as 
disease or early frost) reduces yields across an entire state, 
then the random component will be negative for all districts 
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in the state that year. Thus we might expect the error terms 
for the various districts to be correlated, in which case the 
ordinary least squares estimators will be inefficient (will not 
have the smallest possible variance), through they will remain 
unbiased. Examination of the error terms from some of the 
regressions of this study did in fact reveal significant corre-
lation in a number of cases, indicating that the estimators are 
not efficient. A further consequence of this situation is that 
we no longer have an unbiased estimate of the standard error of 
the estimators, with the result that the nominally-calculated 
t-tests are biased, but we cannot determine a priori the direc-
tion of the bias. In the results to follow, we report nominal 
standard errors of the coefficients and the results of t-tests 
as normally calculated, with a remainder to the reader here 
that these values are biased. 
IV. DATA AND DATA SOURCES 
Acreage and production data by cropping practice (irri-
gation, fallowing, etc.) were available from published USDA 
sources and from state crop-reporting boards. Estimates of 
fertilizer application rates were derived from various sources 
for earlier years (see Perrin C24], but for recent years were 
obtained from the USDA t37J). 
The proportion of Iowa and Illinois corn crops planted to 
hybrid seed was available from published USDA estimates. The 
proportion of Kansas and Nebraska grain sorghum planted to 
hybrid seed was taken from Auer C1, p. 268, 288]. The data re-
quired to calculate the Palmer moisture index, M, were graciously 
provided by Mr. Palmer. 
We attempted to obtain data by crop reporting district for 
all states and crops considered for the years 1931-1966. For 
the state of Kansas, we were unable to obtain the data for 
years prior to 1937. Furthermore, data on fallowing was un-
available for any of the states prior to 1946. Table 1 shows 
the states and time periods for which the analysis is conducted. 
13 
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Table 1. Summary of states, crops and time periods analyzed 
State Crop * Time Period for Estimation 
Illinois corn 1931-1966 
Iowa corn 1931-1966 
Kansas grain sorghum 1937-1966 
Nebraska grain sorgHum 1931-1966 
Kansas wheat (all) 1937-1966 
(fallowed) 1947-1966 
Nebraska wheat (all) 1931-1966 
(fallowed) 1946-1966 
North Dakota wheat (all) 1931-1966 
(fallowed) 1949-1966 
* All data series were extended through 1971 for purposes of im-
puting further yield increases to the various factors. 
V. RESULTS 
As we indicated in the introduction to this report, this 
study is an extension of an earlier study, which was reported 
in the dissertation of Perrin r24]. The primary change in the 
present study is to increase the level of aggregation of the 
yield equations so that a single yield equation represents total 
average crop yield for a single state. In the previous study, 
yield equations were estimated for areas within states and for 
different cropping practices such as irrigation and fallowing. 
The specification of the number and type of moisture stress 
variables to be included in the regressions in this study was 
based on the results of the earlier study. Thus a brief 
summary of some of those results is in order. 
Conceivably, a moisture index for each month of the grow-
ing season could be included in the regression equations. For 
corn and sorghum, June, July, and August were considered, but 
only July and August yielded significant coefficients. July 
moisture proved to have a greater impact than August moisture 
on yields of corn, while the op~osite was true for sorghum. 
However, there was no loss in R (adjusted for number of vari-
ables) from combining the two variables into a single variable 
representing total deviation from normal moisture in the two 
months. Similarly, for winter wheat, combining October and 
November to represent fall moisture, and May and June to 
represent spring moisture resulted in no reduction in R2 (again 
adjusted for number of variables). Similar results were ob-
tained for spring wheat when April, June, July and August mois-
ture were combined (May moisture seemed to have no effect on 
yields). Furthermore, quadratic terms for several of these 
variables were tried, but insignificant coefficients were ob-
tained, indicating that the relationships are essentially linear. 
An interaction term between moisture stress and fertilizer was 
included, with negative results except in the case of Illinois 
corn. The moisture stress variables included in this study, 
then, are those just described. 
With respect to technological variables, there are a 
number that could be included which are very difficult to 
measure, such as quantity of insecticides and herbicides and 
improved timeliness of operations. We have not attempted to 
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measure these. Others, such as hybrid improvement and fertilizer 
use, are closely interrelated. In our earlier study, we con-
structed variables representing genetic improvement, but they 
tended to yield erratic and insignificant results when included 
in regression equations. Because of these results, we include 
only two such variables in the following regressions, nitrogen 
as a proxy for fertilizer (and whatever other inputs might be 
closely associated with its use) and a variable representing 
the percent of acres planted to hybrid corn and hybrid sorghum. 
Corn Yields 
The regression results for corn yields are shown in Table 2. 
The regression coefficients for hybrid adoption suggest that 
hybrids alone increased yields about six bushels per acre in 
Illinois and Iowa. These estimates are considerably lower than 
the Shaw and Durost C29, p. 17, 18] estimates of 16-18 bushels 
per acre, and somewhat higher than the three-to-four bushel 
estimate of Johnson and Gustafson [15, p. 92]. Griliches [11], 
in his well-known study, estimated that hybrids initially in-
creased individual farmers' yields by 20 percent, which would 
have been about 7 bushels per acre in the central cornbelt. 
Auer, using hybrid yield indexes, attributed a 9-bushel yield 
increase to both initial adoption and subsequent improvements 
of hybrids after 1939. 
The regression coefficients also indicate that each pound 
of nitrogen (and associated inputs) applied has increased 
yields by approximately one-third bushel, and other unidenti-
fied factors associated with the time trend increased yields 
at the rate of 0.6 bushels per year in Illinois and 0.4 bushels 
per year in Iowa. The year-to-year estimates of the yield con-
tributions of the various factors are shown in Tables 3 and 4. 
These results suggest that increased use of nitrogen by 1970 had 
contributed about 40 bushels per acre in both states, while the 
unidentified time trend factors contributed about 24 bushels 
to Illinois yield and 15 bushels to Iowa yields. As of 1962, 
the contribution of fertilizer is estimated at 13 bushels per 
acre, compared to Shaw and Durost 1 s 10 bushel and Auer and 
Heady 1 s 8 bushel estimates for the same point in time. 
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Several considerations dictate cautious interpretation 
of these regression results. Nitrogen use is undoubtedly closely 
associated with the use of other fertilizer nutrients, and per-
haps with non-fertilizer inputs as well. The increases in 
yields attributed in this regression analysis to nitrogen will 
be due in part to the use of these other inputs. Furthermore, 
it is by no means clear that additional amounts of nitrogen 
will further increase yields at past rates unless new varieties 
and cultural practices continue to be developed that have the 
capacity to benefit from additional fertilizer inputs. It 
is likely that the reason for the gradual increase in the use 
of fertilizers in the past is not that farmers are very cautious 
or that they learn very slowly, but that the genetic and other 
improvements necessary for improved fertilizer response have 
come about only gradually. We can only speculate as to whether 
such improvements will continue in the future. In this vein, 
we wish to point out that the estimated effect of hybrid corn 
introduction (6 bushels per acre) does not reflect the contri-
bution of improved hybrids in making possible the increased 
fertilizer response of more recent years. 
The estimated effect of an extra inch of available moisture 
in July and August is about 4.6 bushels per acre in Iowa and 
2.6 in Illinois. Such a difference is to be expected, since 
rainfall is lower in Iowa. The total impact of available 
moisture in Illinois is more than 2.6 because as discussed 
later, the impact of moisture in Illinois increases with in-
creased fertilizer use. Although these may appear to be large 
effects, the state average moisture stress indexes in Iowa and 
Illinois seldom depart more than an inch and a half from zero. 
Such a departure would affect yields by only 5 to 7 bushels per 
acre. The most extreme moisture stress experienced during the 
period studied was during 1936, when such stress reduced yields 
by 12-14 bushels (see Tables 3 and 4). In the early 1960s 
above-average moisture contributed 3-4 bushels of yield in 
Iowa, and somewhat less in Illinois. These contributions are 
very similar to those estimated by Thompson [35] when he used 
14 weather variables in a regression analysis of yields over 
the same period. 
Although not shown in Table 2, interaction terms between 
the moisture index and time were introduced in order to test the 
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Table 2. Regression coefficients for Iowa (1931-66) and Illinois 
(1931-66) corn yieldsa 
Crop Reporting 
District Interce ts 
CRD 1 
2 
3 
4 
5 
6 
7 
8 
9 
Nitrogen (lbs/acre) 
Hybrids (percent 1.00) 
Moisture stress (July and 
August (inches) 
Moisture stress x Nitrogen 
Year (year minus 1900) 
2 
R 
26.7 
(1. 71) 
15.3 
20.5 
21.1 
23.1 
19.9 
1.0 
10.7 
0.7 
0.358 
(0.04) 
5.886 
(2.65) 
2.636 
(0.33) 
0.064 
(0.017) 
0.582 
(0 .14) 
0.86 
7.21 
Iowa 
24.6 
(1. 72) 
28.4 
23.4 
31.1 
35.2 
20.6 
17.8 
26.0 
0.408 
(0.04) 
5.558 
(2 .17) 
4.570 
(0.34) 
0.377 
(0.10) 
0.83 
7.23 
aNumbers in parentheses are nominal standard errors of the estimates. 
Standard errors for CRD intercepts 2-9 are the same as shown for CRD 1. 
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Table 3. Estimateda effects of various factors on Illinois corn yields, 
1931-1971 
Nitrogen July-Aug. mois-
Year fertilizer ture stressb 
per <:!ere) 
1931 36.8 35.8 0.0 0.0 0.6 -0.2 
1932 42.8 37.9 0.0 0.0 1.2 1.2 
1933 26.8 32.2 0.0 0.0 1.7 -5.2 
1934 21.4 30.8 0.0 0.0 2.3 -6.7 
1935 38.2 40.2 0.0 0.0 2.9 1.6 
1936 23.3 27.9 0.6 0.0 3.5 -11.7 
1937 47.8 41.9 1.2 0.0 4.1 0.9 
1938 43.8 45.5 2.4 0.0 4.7 2.9 
1939 50.8 46.2 3.5 0.0 5.2 1.8 
1940 42.8 44.9 4.1 0.0 5.8 -0.5 
1941 52.7 45.6 4.7 0.0 6.4 -1.0 
1942 53.8 51.0 5.3 0.0 7.0 3.0 
1943 49.8 48.6 5.3 0.0 7.6 0.0 
1944 45.2 47.1 5.3 0.0 8.1 -1.9 
1945 46.3 51.3 5.3 0.2 8.7 0.7 
1946 55.8 52.2 5.3 0.4 9.3 1.6 
1947 39.3 51.5 5.3 0.6 9.9 -0.1 
1948 60.7 54.7 5.9 0.7 10.5 2.1 
1949 53.7 53.8 5.9 0.9 11.1 0.4 
1950 50.7 56.5 5.9 1.0 11.6 2.7 
1951 54.7 58.6 5.9 1.6 12.2 3.4 
1952 57.7 56.6 5.9 2.5 12.8 0.0 
1953 53.8 54.0 5.9 4.2 13.4 -4.8 
1954 so. 2 60.1 5.9 5.1 14.0 0.1 
1955 55.7 60.1 5.9 4.3 14.6 0.2 
1956 67.6 63.8 5.9 4.5 15.1 3.0 
195 7 63.7 65.5 5.9 5.4 15.7 2.6 
1958 68. 7 69.6 5.9 6.4 16.3 5.3 
1959 66.7 64.8 5.9 7.6 16.9 -1.2 
1960 67.8 68.3 5.9 6.8 17.5 2.6 
1961 78.6 75.5 5.9 11.2 18.0 4.4 
1962 84.8 74.9 5.9 12.4 18.6 2.1 
1963 86.5 79.7 5.9 17.2 19.2 1.7 
1964 79.6 74.8 5.9 20.8 19.8 -7.4 
1965 93.6 91.3 5.9 23.6 20.4 5.7 
1966 79.5 86.7 5.9 30.6 21.0 -6.5 
1967 100.0 97.9 5.9 34.1 21.5 0.6 
1968 89.0 100.5 5.9 36.3 22.1 0.4 
1969 98.0 104.5 5.9 39.0 22.7 1.0 
1970 74.0 103.8 5.9 38.0 23.2 0.9 
1971 107.3 104.5 5.9 36.2 23.9 2.8 
~Estimates based on regressions (Table 2) on 1931-1966 data. 
Including moisture-nitrogen interaction effects. 
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Table 4. Estimateda effects of various factors on Iowa corn yields 
1931-1971 
Year 
per 
1931 32.7 29.4 0.0 0.0 0.4 -8.5 
1932 42.8 42.6 0.0 0.0 0.8 4.3 
1933 39.8 33.8 0.0 0.0 1.1 -4.9 
1934 22.8 27.6 0.0 0.0 1.5 -11.5 
1935 37.8 40.1 o.o 0.0 1.9 0.5 
1936 17.6 26.5 0.6 0.0 2.3 -14.0 
1937 44.9 42.7 1.7 0.0 2.6 0.5 
1938 45.8 46.5 2.8 o.o 3.0 3.0 
1939 51.9 46.2 3.9 0.0 3.4 1.1 
1940 52.2 49.3 5.0 0.0 3.8 2.8 
1941 50.6 44.7 5.0 0.0 4.1 ~2.2 
1942 59.7 51.5 5.0 0.0 4.5 4.2 
1943 54.7 52.7 5.0 0.0 4.9 5.0 
1944 51.3 53.4 5.6 0.0 5.3 4.8 
1945 44.3 52.2 5.6 o.o 5.7 3.1 
1946 56.7 51.7 5.6 0.0 6.0 2.2 
1947 30.3 46.9 5.6 0.4 6.4 -3.4 
1948 60.1 50.2 5.6 0.4 6.8 -0.5 
1949 46.8 49.5 5.6 0.9 7.2 -1.9 
1950 48.3 55.4 5.6 0.9 7.5 3.5 
1951 43.3 57.2 5.6 1.3 7.9 4.3 
1952 62.2 58.0 5.6 2.1 8.3 4.1 
1953 52.7 53.6 5.6 3.0 8.7 -1.5 
1954 54.3 61.2 5.6 5.6 9.0 3.1 
1955 48.2 50.2 5.6 5.0 9.4 -7.8 
1956 52.7 56.1 5.6 3.3 9.8 -0.6 
1957 61.7 59.6 5.6 3.7 10.2 2.0 
1958 65.6 60.8 5.6 4.9 10.6 1.5 
1959 65.7 61.7 5.6 5.7 10.9 1.4 
1960 63.2 62.2 5.6 6.7 11.3 0.6 
1961 75.1 69.1 5.6 10.6 11.7 3.1 
1962 76.6 73.2 5.6 13.2 12.1 4.2 
1963 81.1 75.9 5.6 17.0 12.4 2.8 
1964 78.6 81.4 5.6 21.9 12.8 2.9 
1965 81.7 83.7 5.6 25.0 13.2 1.8 
1966 88.5 88.7 5.6 31.3 13.6 
-.0 
1967 88.6 91.1 5.6 32.2 13.9 1.2 
1968 92.3 96.3 5.6 37.0 14.3 1.2 
1969 98.0 99.5 '),fi 40.1 14.7 1.•0 
1970 86.0 99.7 5.6 41.0 15 0 1 -0 0 1 
1971 10208 96o0 506 38.6 1505 -1.8 
aEstimates based on regression (Table 2) on 1931-1966 data. 
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hypothesis that yields became more sensitive to weather during 
the 1930-1966 period. The estimated trend effect for Illinois 
moisture stress was slightly greater than zero, and that for 
Iowa was slightly less than zero, with neither nominal t-ratio 
greater than one. These results tend to refute the hypothesis 
that corn yields are becoming more sensitive to weather, a 
conclusion drawn also by Shaw and Durost C29, p. 10]. However, 
the positive nitrogen-moisture interaction term for Illinois 
does contribute to an increase in the effect of available mois-
ture as nitrogen has increased in that state. With nitrogen at 
100 pounds rather than zero, the estimated effect of a marginal 
inch of available moisture is increased by 6 bushels per inch. 
Though we conclude that the direct effect of moisture stress on 
corn yields has not changed, there is evidence, at least in 
Illinois, of an indirect increase in its impact. Wea'ther during 
the planting season and the harvest season can also have an 
important effect on yields in some years, but the earlier study 
by Perrin C24] failed to show any relationship between early 
season moisture stress indexes and yields. 
Although the moisture stress index for Illinois and Iowa 
tended to be rather stable, the price effect ofs 10 or 15 per-
cent reduction in yield in a year of strong export demand can 
be very significant. And the time period examined does contain 
instances of severe negative yield fluctuations caused by the 
lack of available moisture in July and August. Examples are 
1934 and 1936 in both states, as well as 1955 in Iowa and 1966 
in Illinois. It also must be remembered that the price effect 
of abnormally good weather in a year with relatively low export 
demands can have just as profound a price effect as can lack of 
moisture. 
Thompson (32J and others C6] have suggested that the last 
decade has seen weather patterns in the cornbelt that have been 
more stable than normal. The moisture stress estimates of 
Table 3 and 4 certainly do not refute that contention. For the 
29 years from 1931 to 1959, the estimated moisture stress effects 
are positive in Illinois for 17 of the years and for 18 of them 
in Iowa. This is 59 percent of the time for Illinois and 62 
percent of the time for Iowa. But for the 12 years from 1960 
to 1971, positive yield effects are estimated for 10 years in 
Illinois and for 9 _years in Iowa. This is 83 percent of the 
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time for Illinois and 75 percent of the time in Iowa. Therefore, 
although the effect of moisture stress on corn yields is esti-
mated to have been small relative to the effect of improved 
technology in the last decade, the estimates for moisture stress 
do indicate an unusually stable series of yields for that time 
period. 
Sorghum Yields 
The results of regressing Kansas and Nebraska grain sorghum 
yields (per harvested acre) on the technological and moisture 
stress variables are shown in Table 5. Because yields per 
harvested acre obscure the effects of weather due to crop 
abandonment, the percent of crop abandoned in Kansas was also 
regressed on district dummy variables, moisture stress and 
time. These results also are presented in Table 5. (Abandon-
ment data were unavailable for Nebraska.) Tables 6 and 7 show 
the imputation of past yields to various factors as implied by 
the regression coefficients. 
The introduction of hybrids, which occurred during the 
period 1957-61, is estimated to have increased yields by about 
14 bushels in Kansas and 19 bushels in Nebraska. The estimated 
effect of nitrogen application is very similar for the two 
states, but farmers in Nebraska have consistently applied a 
little more than those in Kansas. Because of this, the esti-
mated contribution of nitrogen to state yields is about 16 
bushels per acre in Nebraska as opposed to about 12 in Kansas. 
Again, one must keep in mind that the regression analysis may 
be attributing to nitrogen some yield increases due to other 
fertilizer elements or factors closely related to fertilizer 
use but not explicitly included in the regression equation. 
Changes in production location among crop reporting dis-
tricts in Nebraska since 1930 are estimated to have increased 
yields by nearly 5 bushels. Of all states and crops in this 
study, this is the only case in which changes in location had 
an appreciable impact on state yields. The residual time trends 
of about one-third bushels per year indicated that about 12 
bushels per acre of the yield increases were because of other 
factors not explicit in the regression equation. 
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Table 5. Regression coefficients for Kansas (1937-66) and Nebraska 
(1931-66) sorghum yields and Kansas sorghum abandonmenta 
Intercepts: 
CRD 1 
2 
3 
4 
5 
6 
7 
8 
9 
Nitrogen (lbs/ acre) 
Hybrids (percent - 100) 
Moisture stress (July and 
August) (inches) 
Year (Year minus 1900) 
S.E. 
Yield 
Kansas Nebraska 
(bushels per acre) 
-6.3 
(1. 32) 
-1.5 
6.0 
-2.5 
-1.6 
4.1 
-1.6 
-2.2 
0.2 
0.192 
(0.05) 
14.368 
(1. 63) 
1.677 
(0.13) 
0.354 
(0.06) 
0.85 
5.11 
-4.4 
-1.7 
5.9 
2.1 
10.1 
-3.7 
2.8 
6.8 
0.182 
(0.04) 
18.813 
(2. 07) 
1. 623 
(0.18) 
0.300 
(0.06) 
0.86 
6.38 
Abandonment 
Kansas 
(percent) 
-18.2 
(4.9) 
-24.7 
-30.7 
-21.5 
-21.8 
-30.8 
-29.0 
-24.3 
-26.9 
-3.01 
(0. 46) 
1. 00 
( 0. 13) 
0.30 
18.93 
aNumbers in parentheses are nominal standard errors of the estimates. 
Standard errors for CRD intercepts 2-9 are the same as shown for CRD 1. 
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Irrigation is a cultural practice which has increased 
during the period of study in both Kansas and Nebraska. Un-
fortunately, irrigation data were available only for the years 
1957-66. While increased use of irrigation has surely been a 
factor in causing the 12-bushel residual yield increase, it 
was not possible to obtain significant coefficients for an 
irrigation variable (the percent of sorghum acreage irrigated) 
when this variable was included in the regression equations for 
the truncated (1957-66) yield series. The coefficient for 
Kansas was -.175, clearly unreasonable, while that for Nebraska 
was +.36, indicating that irrigation increases yields by 36 
bushels per acre. While the latter figure is reasonable enough, 
nominal standard error of the estimate was .25. This estimate 
was reduced when the time trend was eliminated, but the standard 
error of the estimate remained about the same. This estimation 
failure in Nebraska may have resulted from multicollinearity, 
but the simple correlation of the irrigation variable with time, 
hybrid, and fertilizer variables did not in any case exceed 0.4. 
A plausible explanation for the Kansas result is the problem 
introduced by fitting a single response function to the entire 
state. Irrigation is most common in the western parts of Kansas, 
where the yields tend to be somewhat lower, perhaps because of 
factors not represented in the regression. This being the case, 
there may be tendency for the regression procedure to associate 
the lower yields in the west with irrigation, thus giving a 
negative coefficient. 
Weather effects have been estimated in two ways--esti-
mation of the effect on yields per harvested acre and estimation 
of the effect on crop abandonment. The estimated effect of a 
marginal inch of available moisture in July and August on 
yields per harvested acre is about 1.6 bushels per inch in both 
states. During the study period, fluctuations in moisture 
stress were sufficient to depress state yields by as much as 
8 bushels and to increase them by as much as 6 bushels. In 
addition to this effect, an inch of available moisture is esti-
mated to reduce abandonment in Kansas by 3 percent, which would 
affect yield per planted acre by an additional 1 to 2 bushels 
per inch. We might also point out here that, apart from mois-
ture stress effects, the time trend coefficient for abandonment 
in Kansas indicates a trend increase of about one percent per 
year. 
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Tab!~ 6. Estimateda effects of various factors on Kansas grain 
sorghum yields, 1937-1971 
1'l"itrogen 
Year fertilizer 
per acre) 
1937 8.9 9.0 0.0 0.0 0.4 -3.3 
1938 10.9 11.0 0.0 0.0 0.7 -1.6 
1939 8.4 10.2 0.0 o.o 1.1 -2.8 
1940 12.0 11.6 0.0 0.0 1.4 -1.2 
1941 17.0 18.5 0.0 0.0 1.8 4.9 
1942 8.2 16.7 0.0 0.0 2.1 4.3 
1943 14.3 13.8 0.0 0.0 2.5 -0.4 
1944 31.2 20.0 0.0 0.0 2.8 5.6 
1945 15.3 17.9 0.0 0.0 3.2 3.1 
1946 13.4 12.0 0.0 0.0 3.5 -3.4 
1947 14.4 18.6 o.o 0.0 3.9 3.0 
1948 21.9 21.3 0.0 0.0 4.2 5.3 
1949 22.8 21.9 o.o 0.0 4.6 6.0 
1950 23.8 23.2 0.0 0.0 5.0 7.0 
1951 21.9 23.4 o.o 0.0 5.3 7.4 
1952 13.9 13.7 0.0 0.0 5.7 -3.3 
195~ 15.9 14.8 0.0 o.o 6.0 -2.4 
1954 13.9 14.3 0.0 0.2 6.4 -3.2 
1955 11.4 14.3 0.0 0.3 6.7 -4.4 
1956 14.9 14.4 0.0 0.3 7.1 -5.1 
1957 20.9 22.5 1.4 0.4 7.4 2.2 
1958 32.8 32.1 5.7 0.6 7.8 6.3 
1959 32.8 34.3 11.5 1.0 8.1 2.1 
1960 39.7 37.1 12.9 1.4 8.5 2.5 
1961 39.8 39.9 12.9 2.1 8.9 4.4 
1962 43.3 41.8 14.4 3.0 9.2 3.6 
1963 38.8 37.3 14.4 4.1 9.6 -2.3 
1964 31.8 37.8 14.4 4.6 9.9 -3.0 
1965 44.8 45.7 14.4 5.4 10.3 3.4 
1966 48.7 45.6 14.4 8.1 10.6 0.1 
1967 46.0 46.2 14.4 7.9 11.0 0.7 
1968 47.0 47.8 14.4 9.0 11.3 0.7 
1969 56.0 50.0 14.4 10.4 11.7 1.2 
1970 41.0 50.0 14.4 11.5 12.0 -0.3 
1971 45.0 52.8 14.4 12.5 12.4 1.2 
~stimates based on regressions (Table 5) on 1937-1966 data. 
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Table 7. Estimateda effects of various factors on Nebraska grain 
sorghum yields, 1931-1971 
Year 
1931 11.9 9.4 0.0 0.0 0.3 -0.1 
1932 11.9 9.3 0.0 0.0 0.6 0.1 
1933 11.0 10.4 0.0 o.o 0.9 1.0 
1934 4.4 1.7 o.o 0.0 1.2 -8.4 
1935 7.4 13.6 0.0 0.0 1.5 1.1 
1936 6.4 4.4 0.0 o.o 1.8 -7.4 
1937 9.4 8.3 0.0 0.0 2.1 -4.0 
1938 14.9 12.1 o.o 0.0 2.4 -1.3 
1939 10.0 10.7 0.0 0.0 2.7 -4.3 
1940 10.4 12.4 o.o 0.0 3.0 -3.5 
1941 15.6 15.0 0.0 0.0 3.3 -0.4 
1942 14.5 18.1 o.o 0.0 3.6 2.6 
1943 14.3 17.1 0.0 0.0 3.9 0.4 
1944 19.4 21.4 0.0 0.0 4.2 4.1 
1945 17.9 21.3 0.0 o.o 4.5 3.2 
1946 17.9 17.1 o.o 0.0 4.8 0.0 
1947 14.9 19.5 0.0 0.0 5.1 3.3 
1948 22.8 17.6 0.0 0.0 5.4 0.6 
1949 24.3 21.2 0.0 0.0 5.7 3.7 
1950 24.9 22.4 0.0 0.0 6.0 4.3 
1951 12.9 21.4 o.o 0.0 6.3 5.4 
1952 22.9 18.5 0.0 0.0 6.6 2.3 
1953 15.9 15.8 0.0 o.o 6.9 -1.4 
1954 25.8 19.1 0.0 0.3 7.2 -0.4 
1955 10.9 13.5 0.0 0.5 7.5 -6.4 
1956 8.7 18.1 0.0 0.5 7.8 -3.5 
1957 36.6 30.0 3.8 0.8 8.1 2.9 
1958 47.8 37.9 9.4 1.3 8.4 4.1 
1959 43.4 39.3 13.2 1.9 8. 7 1.6 
1960 50.3 43.5 15.1 2.5 9.0 3.1 
1961 50.4 46.2. 16.9 4.4 9.3 2.1 
1962 65.7 51.7 18.8 5.1 9.6 4.3 
1963 54.7 51.0 18.8 6.8 9.9 1.3 
1964 46.8 53.2 18.8 8.0 10.2 1.8 
1965 54.3 58.1 18.8 10.2 10.5 3.7 
1966 65.2 61.9 18.8 15.1 10.8 2.4 
1967 56.5 57.2 18.8 11.3 11.1 1.2 
1968 47.0 58.7 18.8 13.0 11.4 0.8 
1969 56.0 60.3 18.8 14.0 11.7 1.0 
1970 41.0 60.9 18.8 15.3 12.0 0.0 
1971 42.0 64.1 18.8 16.6 12.3 1.6 
aEstimates based on regressions (Table 5) on 1931-1966 data. 
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A time-moisture stress interaction variable was included 
in the yield regressions to test the hypothesis that yields 
have become more sensitive to available moisture over time. The 
coefficient for Kansas was small (0.01) and not significant, 
but the interaction coefficient for Nebraska was +.06 with a 
nominal t-ratio of 3.0, indicating that the effect of an inch 
of available moisture has been increasing at the rate of .06 
bushels per year. As was the case with corn, we are able to 
reject the hypothesis of increasing sensitivity of yields to 
moisture stress for only one of the two states considered. 
Even with the estimated increases, however, normal extremes in 
moisture supplies would appear to affect state yields by only 
10-15 percent. But we must remember that, although the effect 
of technology on yields dwarfs the effect of moisture stress in 
an average sense, a 10-15 percent decrease in yields in one 
year can have a sharp effect on supplies of grain sorghum. 
Also, as is noted for Iowa and Illinois corn production, 
the moisture stress variable is estimated to have had unusually 
stable yield effects since 1959. From 1937 to 1959, the effect 
of moisture stress in Kansas is estimated to be negative in 11 
years and positive in 12 years. After 1959, however, there are 
9 positive years and 3 negative years. And for Nebraska no 
years after 1959 have a negative effect on grain sorghum yields. 
Wheat Yields 
Regressions of wheat yields and abandonment on moisture 
stress and technological variables are shown in Table 8. Ex-
amining the moisture stress effects first, we observe that the 
moisture stress coefficients are all highly significant, and 
positive as expected. The effect of a marginal inch of avail-
able moisture in the fall is most severe in Nebraska (3.8 bushels 
of yield per inch versus 1.6 bushels per inch in Kansas). 
Available moisture in the spring (at the margin) affects yields 
by an estimated 1.3 bushels per inch in Kansas, 1.1 bushels 
in North Dakota, and only a half bushel in Nebraska. In addition 
to these effects on yield per harvested acre, an inch of avail-
able moisture is estimated to affect abandonment by 1 percent 
(spring moisture in Kansas) to 9 percent (fall moisture in 
Nebraska). Taken together, these two effects of moisture stress 
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Table 8. Regression coefficients for wheat yields and abandonment 
(1931-66). a -in Kansas, Nebraska, and North Dakota 
{1937-662 (1931-662 
Yield per harvested acre as Percent of crop abandoned 
de2endent variable as de2endent variable 
Kansas Nebraska N. Dakota Kansas Nebraska N. Dakota 
Intercepts: 
CRD 1 ,;,o.1o 0.74 0.05 26.9 23.1 39.5 
(1.14) (1. 66) (0.89) (2.80) (0. 32) (3.30) 
2 -1.80 -4.71 -0.12 10.0 23.5 35.1 
3 2.04 0.26 2.28 13.8 24.9 30.7 
4 -2.50 ~· -0.87 30.9 38.9 
5 -1.64 -0.79 -1.75 17.1 28.2 36.4 
6 2.08 2.49 2.84 14.9 21.1 32.2 
7 -3.14 0.48 -1.71 32.4 25.8 41.2 
8 -1.54 -0.82 -2.75 16.4 24.0 '·41.2 
9 -0.54 0.49 -2.39 13.8 19.4 38.1 
Nitrogen 
(1bs/acre) 0.149 0.818 
(0.051) (0.166) 
Moisture stress 
(Oct l-Nov)l.627 3.840 -7.232 -9.595 
(inches) (0.387) (0. 597) ( 1. 008) ( 1. 656) 
Moisture stress 
(May 1-Jun) 1. 321 0.533 -1. 136 -1.568 
(inches) (0.194) (0.261) (0.507) (0. 724) 
Moisture stress 
(Apr ,June ,Ju1, Aug) 1.115 -4.135 
(inches) (0. 09) (0. 340) 
Year 0.350 0.379 0.287 -0.159 -0.213 -0.543 
(year mi-
nus 1900) (0. 047) (0.030) (0. 027) (0.078) (0.082) (0.077) 
R2 0.61 0.55 0. 70 0.41 0.22 0.47 
SE 4.15 4. 99 3. 74 10.84 13.84 14.00 
aNumbers in parentheses are nominal standard errors of the estimates. 
Standard errors for CRD intercepts 2-9 are the same as shown for CRD 1. 
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can have a considerable impact on yields per planted acre. As 
shown in Tables 9, 10, and 11, the effect of good moisture stress 
conditions has increased yields per harvested acre by as much 
as 3-4 bushels per acre, while poor conditions have decreased 
them by as much as 5-6 bushels. In addition, the value of the 
available moisture variables for these years (not shown) were 
such that the poor moisture years increased abandonment by as 
much as 22 percent above average, while the good years decreased 
abandonment by as much as 10 percent below normal. 
In regard to the general effects of moisture stress over 
time, it is clear that the 1930s were in general poor weather 
years for wheat, while the World War II years were in general 
very good. Also, the late 1960s and early 1970s were consis-
tently but only slightly above average for these states. This 
is compatible with weather effects estimated by Thompson [34]. 
There is little evidence from these data that, on the average, 
wheat yields in the past decade have benefited by more than a 
bushel or so per acre from favorable moisture stress conditions. 
On the other hand, there remains the hypothesis that the marginal 
effects of weather have changed over time. To test this 
hypothesis, interaction terms for moisture stress and time were 
added to each of the regression equations shown in Table 8. 
The estimated interaction coefficients were positive, ranging 
from 0.02 to 0.16, except for spring moisture stress in Nebraska. 
However, the only ones which tested significant at the 5 per-
cent level, using the nominal t-test, were the coefficients for 
fall moisture stress in Nebraska and spring moisture stress in 
North Dakota. These estimates were 0.16 and 0.027 respectively, 
implying that since 1930, the effect of a marginal inch of avail-
able moisture has increased by over 6 bushels per inch in 
Nebraska and about one bushel per inch in North Dakota. Thus, 
these coefficients suggest that marginal available moisture has 
had a greater impact on recent yields than implied by the 
figures shown in Table 8. Even including these trends the con-
tribution of above-average moisture availability to wheat yields 
in the past decade has been no more than two bushels or so. 
Additional regressions of crop abandonment which included 
time-weather interaction terms yielded positive coefficients 
ranging from 0.11 to 0.27, although only the coefficient for 
North Dakota tested significant using the nominal t-test. 
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Taken as a whole, the evidence from crop yield and abandonment 
analysis leaves little doubt that wheat yields are becoming 
more sensitive to departures from normal moisture availability 
conditions. The regression estimates suggest unusual moisture 
stress fluctuations affect yield per seeded acre by 15-20 per-
cent, with extremely unfavorable circumstances doubling these 
figures. 
A number of technological factors can be hypothesized 
to have contributed to the increase in wheat yields over the 
past 30 years, including variety improvements, fertilizer use, 
and an increase in the percentage of the wheat crop planted on 
land that was fallowed the previous year. Of these, only fer-
tilizer use (represented by nitrogen application) is included 
explicitly in our regression. 
There have been no dramatic, identifiable innovations in 
wheat varieties, as was the case for hybrid corn and hybrid 
sorghum. This introduces a problem in identifying a variable 
to represent this factor. While indexes of variety productivity 
have been constructed using trial records, these indexes could 
well include the effects of other improvements in cultural 
practices over time, as these practices are adopted in the yield 
trials. The variety indexes estimated by Auer (lJ and extended 
by Perrin [24, p. 97] indicated that varietal productivity in-
creased between 1930 and 1966 by about 25 percent in Kansas, 23 
percent in Nebraska, and 16 percent in North Dakota. Given the 
approximate state yields for the early 1930s, these numbers imply 
a variety effect of about 3 bushels per acre in both Kansas 
and Nebraska, and about 2 bushels per acre in North Dakota.2 
Because of the conceptual problem of identifying a variety 
variable no attempt is made here to include such a variable in 
the regression equations. 
Data problems attended attempts to include a fallowing 
variable in the regressions. Data on fallowing by crop re-
porting districts were not available until 1946, substantially 
truncating the data series. During the 20-year period for 
which data were available, the percent of the crop planted on 
2Johnson and Gustafson [15, p. 85] estimate that varietal 
improvement increased yields in these areas by 1.7 bushels per 
acre from the period 1928-41 to 1945-54. 
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fallowed land increased from 22 to 49 percent in Kansas, 30 to 
78 percent in Nebraska, and 36 to 77 percent in North Dakota, 
suggesting that by sheer magnitude of the changes, this factor 
could have had an important effect on yields. Therefore, re-
gressions were run on the abbreviated data sets, with percent 
of acres planted on fallowed ground as an additional variable. 
Since the effect of fallowing is presumably to increase soil 
moisture, it seemed clear that an interaction effect between 
fallowing and fall moisture stress (spring moisture stress in 
the case of North Dakota) should also be included. 
The results of these regressions indicated that each 
1 percent increase in fallowing was associated with a .04 bushel 
yield increase in Kansas, a .08 bushel increase in Nebraska, 
and a .02 bushel increase in North Dakota. Only the coefficient 
for Nebraska was significant at the 5 percent level using the 
nominal t-test. These differences from state-to-state are 
quite consistent with the previous estimates of the importance 
of marginal moisture in each. But these numbers imply that 
wheat on fallowed land outyields wheat on continuously-cropped 
land by only 4, 8, and 2 bushels per acre. Johnson and 
Gustafson [15, p. 105-l07J report that experimental data from 
these states show that wheat on fallowed land on the average 
outyields wheat on continuously cropped land by from 36 to 88 
percent in these states, roughly 6 to 16 bushels for that period. 
Our estimates seem conservative relative to these amounts. On 
the other hand, in a regression analysis, Johnson and Gustafson 
[15, p. 85, 110] estimated an increase of only 0.7 bushels per 
acre due to increased fallowing between two ten-year periods, 
centered on 1934 and 1949, respectively. Given their estimate 
of a ten percent increase in the percent of wheat planted on 
fallowed land during this period, our coefficients would imply 
yield increases of 0.4, 0.8, and 0.2 bushels for that period, 
not too different from their estimates. Given the increases 
in fallowing during the recent 20-year period, our coefficients 
imply that this practice has increased yields by an additional 
4 bushels in Nebraska, and about one bushel each in Kansas and 
North Dakota. 
The nitrogen variable coefficients shown in Table 7 in-
dicate that nitrogen (and closely associated factors) increased 
yields by 0.15 bushels per pound of nitrogen in Kansas, and 
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Table 9. Estimateda effects of various factors on Kansas winter wheat 
yields, 1937-1971. 
Nitro-
Actual Predicted gen fer- Time Moisture stress 
Year yield yield tilizer trend Oct-Nov May-June Total 
~ (bushels per acre)" 
1937 11.9 11.2 0.0 0.4 0.4 -1.0 -0.6 
1938 10.4 13.4 0.0 0.7 0.4 0.9 1.3 
1939 11.7 9.6 0.0 1.1 -2.3 -0.6 -2.9 
1940 13.9 10.6 0.0 1.4 -1.7 -0.5 -2.2 
1941 14.6 13.6 0.0 1.8 -1.1 1.8 0.7 
1942 19.4 16.1 0.1 2.1 1.4 1.7 3.1 
1943 14.1 15.4 0.0 2.5 1.4 0.6 2.0 
1944 16.7 15.7 0.0 2 .. 8 0.3 1.6 1.9 
1945 15.4 16.0 0.0 3.2 0.8 1.0 1.8 
1946 16.1 14.0 0.0 3.5 -0.4 -0.1 -0.5 
1947 19.1 17.9 0.0 3.9 1.3 1.8 3.1 
1948 17.4 15.4 0.0 4,2 -1.2 1.3 0.1 
1949 11.4 17.5 0.0 4.6 -0.1 2.0 1.9 
1950 14.4 15.7 0.1 4.9 0.5 -1.0 -0.5 
1951 12.9 18.4 0.2 5.3 0.2 1.5 1.7 
1952 20.9 17.6 0.3 5.6 0.9 -0.2 0.7 
1953 12.4 13.6 0.5 6.0 -1.6 -2.4 -4.0 
1954 17.4 17.5 0.5 6.3 0.2 -0.6 -0.4 
1955 14.9 18.7 . 0.6 6.7 -0.2 0.3 0.1 
1956 15.3 12.7 0.5 7.0 -0.4 -5.7 -6.1 
1957 18.9 20.8 0.8 7.4 -0.4 1.3 0.9 
1958 27.3 21.5 0.6 7.7 1.0 1.7 2.7 
1959 21.7 20.4 0.9 8.1 0.1 0.2 0.3 
1960 27.8 22.8 1.0 8.4 1.0 1.3 2.3 
1961 26.3 23.7 1.3 8.8 1.2 1.3 2.5 
1962 23.4 23.9 1.7 9.1 0.9 1.2 2.1 
1963 21.3 22.1 2.1 9.5 o.s -1.3 -0.8 
1964 22.3 21.9 2.i 9.8 -0.6 -0.6 -1.2 
1965 23.9 24.0 2.1 10.2 -0.9 1.6 0.7 
1966 19.4 23.3 2.8 10.5 1.0 -2.1 -1.1 
1967 20.0 26.2 2.7 10.9 0.0 0.6 0.6 
1968 26.0 27.5 3.7 11.2 0.8 0.4 1.2 
1969 31.0 28.0 3.7 11.6 0.8 1.1 1.9 
1970 33.0 28.1 3.5 11.9 0.9 0.9 1.8 
1971 23.7 28.3 3.4 12.3 0.7 0.3 1.0 
8 Estirnates based on regressions (Table 8) on 1931-1966 data. 
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Table 10. Estimateda effects of various factors on Nebraska winter 
wheat yields, 1931-1971. 
Actual Predicted Time Moisture stress 
Year yield yield trend Oct-Nov May-June Total (bushels per acre) 
1931 16.5 12.0 0.4 0.0 -0.2 -0.2 
1932 12.2 13.4 0.8 0.9 o;o 0.9 
1933 11.9 13.6 1.1 1.0 -0.5 0.5 
1934 7.8 8.5 1.5 -3 .. 0 -2.0 -5.0 
1935 12.5 13.5 1.9 -o·. 1 0.4 -0.3 
1936 14.0 13.9 2.3 0~2 -0.5 -0.3 
1937 13.0 11.6 2.7 -2.8 -0.3 -3.1 
1938 11.8 16.3 3.0 1.3 0.1 1.4 
1939 11.0 11.0 3.4 -4.1 -0.3 -4.4 
1940 13.0 11.9 3.8 -3.0 -0.9 -3.9 
1941 15.3 16.3 4.2 0.0 0.2 0.2 
1942 23.6 19.1 4.5 2.2 0.5 2.7 
1943 20.7 19.3 4.9 2.3 0.2 2.5 
1944 12.5 18.0 5.3 o.,3 0.4 0.7 
1945 22.7 18.5 5.7 0.6 0.4 1.0 
1946 22.9 17.2 6.1 -0.9 0.2 -0.7 
1947 20.9 22.1 6.4 2.3 1.6 3.9 
1948 20.4 19.6 6.8 0.7 0.2 0.9 
1949 13.9 19.9 7.2 0.3 0.5 0.8 
1950 17.5 21.1 7.6 1.7 0.0 1.7 
1951 14.4 20.4 8.0 0.2 0.4 0.6 
1952 22.3 22.7 8.3 2.2 0.4 2.6 
1953 22.4 19.3 8.7 -1.4 0.0 -1.4 
1954 19.4 20.4 9.1 -0.4 -0.1 -0.5 
1955 24.9 22.5 9.5 LO 0.1 1.1 
1956 19.4 18.5 9.9 -2.3 -0.9 -3.2 
1957 26.9 20.6 10.2 -2.0 0.5 -1.5 
1958 32.8 25.1 10'.6 2.3 0.3 2.6 
1959 21.9 23.1 11.0 -0.1 0.3 0.2 
1960 28.4 25.3 11.4 1.8 0.3 2.1 
1961 24.3 24.6 11.7 0.7 0.3 1.0 
1962 19.4 24.8 12.1 0.3 0.5 0.8 
1963 21.4 25.7 12.5 1.5 -0.1 1.4 
1964 24.9 24.4 12.9 -0.4 0.0 -0.4 
1965 19.8 23.7 13.3 -1.9 0.5 -1.4 
1966 34.8 28.6 13.6 3.1 0.0 3.1 
1967 26.5 25.7 14.0 o.o 0.1 0.1 
1968 32.0 26.5 14.4 0.4 0.1 0.5 
1969 31.5 27.2 14.8 0.7 0.1 0.8 
1970 38.0 27.2 14.8 'JLS 0~1 0.6 
1971 ??·0 29.6 15.5 1.7 0.3 2.0 
8 Estimates based on regressions (Table 8) on 1931-1966 data. 
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Table 11.' Estimateda effect of various factors on North Dakota 
spring wheat yields 1931-1971 
Nitro- Moisture stress 
Actual Predicted gen fer- Time April, June 
Year yield yield tili.ur trend July & August 
(bushels per acre) 
1931 6.4 8.1 0.0 0.3 -0.5 
1932 10.3 8.1 0.0 0.6 -0.7 
1933 7.0 6.7 0.0 0.9 -2.6 
1934 6.0 6.2 0.0 1.1 -4.4 
1935 6.9 11.9 o.o 1.4 2.1 
1936 5.1 5.4 0.0 1.7 -5.9 
1937 8.1 11.2 0.0 2.0 0.3 
1938 8.9 10.1 0.0 2.3 -0.9 
1939 10.4 9.9 o.o 2.6 -1.1 
1940 11.5 10.8 o.o 2.9 -0.5 
1941 17.1 13.1 0.0 3.2 1.5 
1942 19.5 14.6 o.o 3.4 2.7 
1943 18.1 15.1 o.o 3.7 2.9 
1944 15.6 15.0 0.0 4.0 2.6 
1945 15.6 13.8 0.0 4.3 1.2 
1946 13.6 11.6 0.0 4.6 -1.4 
1947 14.1 15.7 0.0 4.9 2.4 
1948 14.2 15.2 0.0 5.2 1.8 
1949 10.6 12.9 0.0 5.5 -0.9 
1950 13.8 15.7 0.0 5.7 1.7 
1951 13.8 15.5 0.0 6.0 1.1 
1952 10.1 13.6 0.0 6.3 -1.1 
1953 9.8 17.2 0.1 6.6 2.1 
1954 8.9 17.0 0.2 6.9 1.6 
1955 15.1 15.2 0.3 7.2 -0.8 
1956 17.1 17.4 0.5 7.5 0.9 
1957 18.6 18.1 0.8 7.7 1.'0 
1958 22.9 17.2 1.3 8.0 -0.5 
1959 14.9 16.1 1.9 8.3 -2.5 
1960 19.7 19.6 2.1 8.6 0.4 
1961 11.9 14.8 2.7 8.9 -5.3 
1962 28.5 22.4 2.5 9.2 2.2 
1963 22.1 21.4 2.3 9.5 1.2 
1964 23.6 22.5 2.6 9.8 1.7 
1965 25.8 23.6 2.8 10.0 2.3 
1966 23.2 23.3 3.6 10.3 0.9 
1967 22.6 22.8 3.8 10.6 -0.2 
1968 26.9 26.4 6:3 10.9 0.7 
1969 30.3 27.3 7.4 11.2 0.1 
1970 23.6 28.4 8.2 11.5 0.2 
1971 25.5 29.4 9.2 11.8 
-0. 1 
3 Estimates based on regressions (Table 8) on 1931-1966 data. 
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0.82 bushels per pound in North Dakota, but had no impact on 
yields in Nebraska. Inasmuch as nitrogen use has grown to a 
little over 20 pounds per acre in Kansas and about 10 pounds 
per acre in North Dakota, the coefficients imply that the in-
crease in fertilizer use by 1970 contributed about 3 bushels to 
Kansas yields and 8 bushels to North Dakota yields. We view 
these results with some skepticism, since the estimate for 
North Dakota strikes us as being very high, particularly in 
view of the low levels of use. Also, the absence of any response 
in Nebraska seems rather implausible in the face of use which 
reached a level of about 17 pounds per acre in that state by 1970. 
The time trend coefficients indicate that all factors 
other than nitrogen have contributed to yield increases at the 
rate of about a third of a bushel per acre in the three states, 
for a total impact of 12 to 14 bushels over the 40-year period 
of 1930-1970. The estimated effects of fallowing and variety 
improvement mentioned above would suggest no more than a 7 
bushel increase from these sources in North Dakota and a 5 
bushel increase in Kansas and Nebraska, leaving 5-6 bushels of 
the increase unexplained. It seems clear that we have not been 
successful in discovering the contributions of the various 
technological factors to the recent wheat yield increases in 
these states. 
VI. SUMMARY 
We have estimated that technological innovations have 
contributed a corn yield increase of about 55 bushels per acre 
in Iowa and Illinois between 1930 and 1966. Of this increase, 
7 bushels were attributed to the adoption of hybrid seed, 30 
bushels were associated with the use of fertilizer, and the 
remaining 18 were associated with unidentified factors in a time 
trend. Corn yields between 1967 and 1971 increased about 
another 9 bushels, as the regression equations predict, except 
for the low yields of 1970 which were due to corn leaf blight. 
During the period 1937-1966, technology is estimated to 
have increased grain sorghum yields in Kansas and Nebraska by 
about 38 bushels. Of this increase, about 16 bushels were 
associated with the adoption of hybrids, 12 were associated 
with increased fertilizer use, and 10 were associated with un-
specified factors in the time trend. In the five years follow-
ing 1966, yields in Nebraska fell consistently and substantially 
below levels predicted by the regression equations, and so did 
the yields in Kansas in 1970 and 1971. The discrepancy for 
Nebraska is probably partly explained by an over-estimate of 
the effects of fertilizer. The low sorghum yields in 1970 and 
1971 in both states may have been due to the adverse weather 
during the harvest seasons in those two years. 
Technological factors are estimated to have increased 
wheat yields in the three states studied by about 14 bushels per 
acre between 1930 and 1966. Of this increase, about 3 were 
associated with fertilizer use, 3 were associated with variety 
improvements, and another 3 were associated with increases in 
the practice of fallowing. The remaining 5 bushels were due to 
the unidentified factors in the time trend. Average yields in 
the five-year period 1967-71 were very close to the yields 
predicted by the equations, but there was considerably more 
year-to-year variation than predicted by changes in fertilizer 
use and moisture stress. 
We have chosen to represent weather with an index of 
moisture stress made available by Palmer. We have used the 
index to measure the affects of moisture and temperature on 
crop yields and to test the hypothesis that these effects did 
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not change during the period covered by the study. Our estimates 
of the effect of moisture stress vary by as much as 6-8 bushels 
above or below normal in a number of years, and by as much as 
12-14 bushels in the most extreme drought year. Corn yields in 
the two states averaged an estimated 2-3 bushels below average 
during the 1930s, due solely to high moisture stress. In con-
trast, they have averaged about a bushel per acre above average 
from 1960-71 due to favorable moisture-temperature conditions, 
for a net increase of about 4 bushels per acre due to improved 
weather. There was no strong evidence that the effect of mois-
ture stress on corn yields has changed in the past 40 years. 
Poor moisture stress conditions during the late 1930s 
were estimated to have reduced sorghum yields by an average of 
three bushels per acre, while favorable conditions from 1960-
1971 were estimated to add a little over a bushel per acre, on 
the average. Thus the 40-bushel estimated increase in yields 
due to technology during the period has been augmented by a 
4-5 bushel increase due to weather. Moisture effects on crop 
abandonment and on yield per harvested acre, taken together, 
have affected yields per planted acre by as much as 8-10 bushels 
per acre in a number of years. There was evidence that yields 
are becoming more sensitive to moisture stress in Kansas but 
not in Nebraska. 
Our study indicates that fluctuations in moisture stress 
have affected wheat yields by 6-8 bushels per seeded acre, 
considering both its effects on yields per harvested acre and 
on abandonment. In extreme drought years, moisture stress has 
reduced state yields by 10 bushels per acre seeded. Comparing 
the average effects of moisture in the 1930s and during 1960-71, 
however, the effects of moisture stress have been small. In 
the earlier period, yields averaged only a little over a bushel 
per acre below normal due to poor moisture conditions, while in 
the recent period of favorable moisture-temperature conditions, 
the positive effect on yields has averaged a little less than 
a bushel per acre. Thus of the increase in wheat yields be-
tween these two periods, only about 2 bushels per acre can be 
attributed to improved moisture-temperature conditions. How-
ever, the evidence does suggest that wheat yields are becoming 
more sensitive to moisture stress conditions, although the rate 
of increase is not dramatic. 
VII. IMPLICATIONS 
This analysis investigates the relative contributions of 
various production factors to the large increase in yields of 
corn, grain sorghum, and wheat that have occurred during the 
last four decades. The factors analyzed can be subdivided into 
two types. The first, an index of moisture stress in critical 
growing periods for each of these crops, serves as a proxy for 
the effect of weather. The second type attempts to account for 
the effect of advances in technology. Included in this group 
are farming practices such as, hybrid seed, nitrogen fertilizer, 
fallowing, and a time trend to account for other time-related 
factors. Estimates are made for major producing states for 
each of the crops: Iowa and Illinois for corn; Kansas and 
Nebraska for grain sorghum; and Kansas, Nebraska, and North 
Dakota for wheat. 
Results of the analysis imply that the bulk of the yield 
increases during this period can be attributed to technological 
factors. Especially significant effects are estimated for corn 
and grain sorghum. The equations esti~tted for wheat, however, 
are much less successful in identifying technological factors 
affecting wheat yields. Generally, however, these results in-
dicate that the yield and production increases of the last 
four decades can be attributed to man-caused factors. 
Using a moisture stress index as a proxy for weather, the 
results of this analysis show that this variable had a relatively 
minor effect on average yield differences between the 1930s 
and the 1960s. But these results also indicate that fluctuations 
in available moisture can cause sharp reductions or expansions 
of the supply of these crops. And as was seen in 1974, weather-
induced yield reductions at a time of high export demands can 
cause price increases of considerable magnitude. Of course, 
unusually favorable weather at a time of weak export demands 
also could severely reduce farm income. In addition, estimates 
for the moisture stress variable indicate a period of relatively 
stable weather patterns for corn and grain sorghum from 1960 
to 1971 and from 1967 to 1971 for wheat. Yield decreases be-
cause of lack of available moisture in critical growth periods 
occurred less frequently during these periods than for the en-
tire four decades analyzed in this report. 
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The interaction of available moisture and technology over 
time is also investigated in this analysis. Evidence that 
yields are becoming more sensitive to moisture stress is only 
substantiated for wheat. This seems reasonable because of the 
effect of moisture stress on both wheat yields per harvested 
acre and acres abandoned. Also, weather patterns would be 
expected to be more variable in the wheat producing areas. 
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